Inheritance studies have confirmed the genetic interpretations of previously described polymorphisms, detected by starch gel electrophoresis, at 13 enzyme coding loci in the brown trout. Biopsy techniques facilitated the prior typing of broodstock, enabling the careful planning of informative matings. Joint segregation analyses of 49 different pairwise comparisons of loci revealed apparent non-random assortment between four pairs; ,Aat-1,2 and ,Mdh-2, ,Aat-1,2 and Ck-2, ,Mdh-3,4 and Pgi-2, Dia and Pgi-2. In conjunction with published data, these results indicate conservatism of the ,Aat-1,2/,Mdh-2 linkage association between Salmo and Salvelinus.
INTRODUCTION
Fish of the family Salmonidae (salmon, trout, charr, whitefish, grayling) are considered to be a tetraploid derivative lineage as compared to their close diploid relatives, e.g., smelts and herring (Ohno et aL, 1969; Ohno, 1970; Schmidtke et a!., 1976a, b; . As such they have recently commanded considerable attention as research organisms in the study of evolution by gene duplication. The recognition of the economic and recreational value of many of these salmonid species has been the main impetus, for many years, for extensive scientific investigations into their population biology and management of stocks. Both lines of enquiry have greatly benefitted from the development and refinement of gel electrophoresis as a relatively convenient and powerful technique for the indirect assessment of variability at a random sample of structural gene loci (Ferguson, 1980) .
The sound application of electrophoretic methodology relies on a full understanding of the underlying genetic basis of observed banding patterns.
However, the extensive gene duplication still extant among salmonid species, estimated at approximately 50 per cent , leads to the occurrence of complex zymograms for most enzymes. Correct interpretation may be further confounded by the presence of non-genetic electrophoretic variation, a not uncommon phenomenon which may be due to a variety of factors (e.g., Amend and Smith, 1974; Allendorf and Utter, 1979; Taggart et aL, 1981 a) . Thus, verification of the genetic bases of banding patterns through inheritance studies is especially important for the proper appraisal of electrophoretic data relating to salmonids (Allendorf and Phelps, 1981) . Many such studies have been undertaken, though these have been mainly restricted to native North American species (e.g., Bailey et a!., In studying the present status of salmonid genomes particular attention has been focused on those duplicated loci which share electrophoretically identical alleles and on the linkage relationships among loci. Current evidence indicates that the process of diploidisation is not yet complete.
While all inheritance studies to date have demonstrated disomic inheritance only, occasional unexpected progeny phenotypes have been detected (e.g., . Furthermore, linkage studies have revealed an unusual genetic phenomenon, unique to salmonids, which has been termed "pseudolinkage" (Davisson et aL, 1973) . This is often characterised by an excess of non-parental types among progeny of backcrosses involving males heterozygous for certain loci. It has never been observed for similar crosses involving informative (doubly heterozygous) females. This phenomenon is more prevalent in genomes from two diverse sources (e.g., inter-specific hybrids) and always involves (directly or indirectly) duplicate loci.
Pseudolinkage has been detected for both Salmo and Salvelinus. (See May (1980) ; May et aL, (1980) ; ; for detailed treatment). These forms of aberrant segregation are considered to reflect a degree of "residual tetrasomy" (May et aL, l979b) within the salmonid genome.
A more thorough understanding of the mechanism behind the evolutionary restructuring of the salmonid genome following tetraploidy should be evident through identification of linkage homologies among species. An essential prerequisite for linkage analyses is the presence of allelic polymorphism at both loci under consideration. Only in individuals heterozygous for both loci, where the chromosomes of a homologous pair carrying a polymorphic locus are uniquely marked by different alleles, is it possible to study the joint segregation of loci in relation to specific (i.e., same or different) chromosomes at meiosis. To date, studies on the brook trout (Salvelinusfontinalis Mitchill) , lake trout (Salvelinus namaycush Walbaum) and their interspecific fertile F1 hybrid, splake trout, have yielded the most information on salmonid enzyme loci linkage relationships. This is directly attributable to the ideal genetic composition of the splake trout as an informative parent in joint segregation analyses, being heterozygous for a large number of loci and of known linkage phase, and readily backcrossed with either (homozygous) parental species. As a result more than 300 different pairwise comparisons of enzyme loci for joint segregation in Sa!velinus have been reported (summarised by May eta!., 1980) . In addition much more limited studies (primarily restricted by the number of polymorphic loci) have been reported for other salmonid species; e.g., rainbow trout, Salmo gairdneri Richardson May et aL, 1982): cutthroat trout, Salmo clarki Richardson (Allendorf and Utter, 1976) ; Oncorhynchus spp. (Aspinwall, 1974; May et aL, 1975) ; lake whhefish, Coregonus clupeaformis Mitchill . Many of these and other studies are summarised by May et aL, (1979b) . The combined data suggest that there is a high degree of linkage group conservatism among genera (May et a!., 1982) .
Electrophoretic studies of the brown trout (Salmo trutta L.) have revealed putative genetic variation involving, at least, 17 enzyme coding loci (Engel et aL, 1971; Allendorf eta!., 1976 Allendorf eta!., , 1977 May eta!., l979a; Sthhl, 1980; Taggart eta!., 198 Ia) . The observed allozymic variation has been primarily employed as a means of delineating both natural and hatchery stocks (e.g., Ryman et a!., 1979; Sth1, 1980, 1981; Ferguson and Mason, 1981) . To date, however, only very limited inheritance studies have been undertaken to confirm the genetic bases of the observed electrophoretic variation. For Swedish stocks, simple Mendelian inheritance has been reported for a polymorphism at Agp-2 (variant allele Agp-2 (50); nomenclature is equivalent to G3p-2 in this paper) by Stahl and Ryman, 1982) . Furthermore, confirmation of the genetic basis of polymorphism at Ldh-l, involving a variant allele Ldh-1(n) is cited by Stahl (1980) . Allelic variants Mdh-1(4), ,Mdh-2(152), Dia(90) and G3p-1(50) (nomenclature is equivalent to G3p-2 in this paper), present in North American hatchery stocks have also been confirmed through inheritance data (May et aL, 1979a; . In these latter studies joint segregation analyses between Mdh-l and ,Mdh-2, ,Mdh-1 and G3p-l, Mdh-2 and G3p-l, and Dia and ,Mdh-2 were also undertaken. Random association between loci was recorded in each case. Since the brown trout possesses relatively few (11) metacentric chromosomes, the investigation of linkage associations within this species is considered to be of particular importance in assigning salmonid linkage groups to single chromosome arms . Comparable data to ours is presented by Guyomard and Krieg (1983) . This paper reports on the verification, through inheritance studies, of the genetic bases of electrophoretic variation present within natural and hatchery populations of brown trout, previously described by Taggart et a!., (198la) . Results of joint segregation analyses between loci are also presented and discussed.
MATERIALS AND METHODS (i) Matings
Specific crosses were performed in November and December 1980 and 1981. Twenty-five 2+ year old mature brown trout (Ild: 149) and hatchery facilities were provided at Movanagher Fish Farm. Previous electrophoretic analyses of a number of Irish brown trout populations (Taggart, 1981) had shown this domesticated stock to be polymorphic at all but one (Ldh-l) of the known polymorphic loci present in Irish populations and thus was ideal for this investigation. Additional brood stock were also obtained from native brown trout populations of L. Melvin (10d 159) and L. Erne (1c: 39) Co. Fermanagh.
With limited hatchery facilities available the typing of broodstock prior to spawning and comprehensive planning of informative matings was required. Adapting the methods of Uthe (1971) , skeletal muscle and liver samples were taken from anaesthetised fish using an unmodified Silverman liver biopsy needle. This was undertaken three to fourteen days prior to spawning, each fish being identified by a unique combination of "Panjet" dye markings (Hart and Pitcher, 1969 Individual crosses of 500-1000 eggs each from a single male and female were made, sealed in separate containers and incubated in river water. Some duplicate crosses were successfully reared at the laboratory using mains tap water. A combination of factors including parental sterility and fungal disease reduced the initial 50 crosses to 34 by the time of screening. Due to the restriction on rearing facilities, typing of most of the resultant progeny had to be accomplished at the sac fry stage of development. However, three crosses were maintained to the four weeks fed fry stage to enable retrieval of liver tissue and subsequent screening for ,Aat-4. In general, sac fry extracts gave satisfactory resolution for all other polymorphic loci.
(ii) Electrophoresis Depending on the tissue expression of the specific loci under investigation (see Taggart et aL, 1981a) , either head or whole body samples (minus yolk sac) were prepared. This enabled confident typing of all polymorphic loci with the exception of liver specific ,Aat-4. Excision of eye samples alone provided better resolution for Ldh-5 zymograms and was preferentially used. Some difficulty was encountered with MDH due to persistence of maternal allozymes in progeny extracts up to three days post hatching.
Addition of 5-15 p.l of 0.01 M Tris-HC1, pH 74, to both biopsy and progeny samples (50-100 p.l for sacrificed adult tissue samples), followed by an overnight freeze-thaw cycle, was found to be sufficient preparation for routine screening of polymorphic enzyme systems. Tissue extracts were subjected to horizontal starch gel electrophoresis and stained for known polymorphic enzyme systems. The enzymes examined and their abbreviations are listed in table 1. The detailed electrophoretic methodology, tissue expression and descriptions of polymorphic enzyme systems, including photographs, are given elsewhere (Taggart et a!., 198la) .
(iii) Nomenclature An extension of the nomenclature proposed by Allendorf and Utter (1979) , involving mobility defined alleles, is used as described by Taggart et aL, (l98la). However, an additional modification is implemented in this paper, conforming with most recent salmonid electrophoresis publications (Allendorf et al., 1982; May et al., 1982) . A capitalised abbreviation still denotes each protein (e.g., DIA) but when referring to the encoding locus only the first letter is capitalised (e.g., Dia), whereas previously the same abbreviation, italicised, referred to the locus. It should be noted that the terminology Xyz-1,2 refers to duplicate loci sharing common alleles where it is not known to which locus variation is attributable, while reference to multiple loci takes the form Xyz-(1,2,3).
Muscle specific loci were formerly denoted as Ck-(1,2) (Taggart et aL, l981a) but this publication overlooked the existence of a stomach-specific CK locus (Perriard et a!., 1972; Taggart et aL, 1981b ) the enzyme product of which is slower in mobility to those produced by the muscle specific CK loci. This has necessitated a revision of nomenclature for this enzyme with muscle specific loci being renamed Ck-(2,3), Ck-2 being the polymorphic locus in brown trout.
(iv) Joint segregation statistics
Conforming with previous joint segregation analyses of salmonids the mobility defined alleles at the two loci being examined were redesignated in the classical form A, A' and B, B' and the symbols and statistics of Mather (1951) were applied. Both the testcross, AABB XAA'BB', and single backcross AABB' x AA'BB' revealed progeny genotypes indicative of the respective gametic contribution of the two parents. In the latter case the heterozygous progeny for the locus heterozygous in both parents (i.e., BB') were excluded, as the respective parental contributions could not be deduced in these individuals (May et a!., 1979b) . The symbols and analysis were therefore as follows:
Test cross Single backcross a1 = observed progeny AABB AABB The classic form of nomenclature used is such that a parent heterozygous for a third allele at a locus is still designated as homozygous (i.e., AA or BB) with respect to the informative double heterozygous parent as distinction of all parental contributions from progeny genotypes remains unimpeded. Furthermore, a homozygous individual (AA or BB) may be homozygous with regard to any allele (common or variant), the heterozygote (AA') having a single copy of this allele.
In excess of 100 progeny for each cross were electrophoretically screened. Therefore, for a single backcross in which approximately 50 per cent of the progeny (heterozygous BB') are excluded from the joint segregation analysis, sufficient informative progeny were scored. The lowest informative sample size analysed consisted of 44 individuals.
RESULTS
(i) Single locus segregation Screening of the potential broodstock revealed variation at 12 of the 13 definitive polymorphic loci described by Taggart et aL, (1981a) , though only 13 of the 20 variant alleles reported in that study were present.
Informative crosses involving all these loci were accomplished and the resultant progeny successfully screened. Subsequent studies in this Laboratory (Ferguson and Fleming, 1983 ; unpublished data) have revealed additional allelic variants at these polymorphic loci in other British and Irish brown trout populations. These are included in an updated list of allelic variants observed by this group, table 1, those alleles verified through inheritance studies being indicated.
The single locus segregation data are presented in tables 2 to 6. In these tables where replicates of a particular type of cross have been accomplished, only the overall pooled results are given. However, all crosses differing significantly from Mendelian expectations are individually mentioned in the text. The segregation data involving the duplicated loci ,Aat-1,2, ,Mdh-3,4 and Ck-(2,3) are of particular interest and thus are detailed below in full. In the case of ,Aat-l,2 and ,Mdh-3,4 it is appropriate for clarity to redesignate the mobility defined alleles in the less cumbersome classical form A, A' and A". 
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(a) Aat-l,2
Three alleles, ,Aat-1,2(l00,l40,45) (hereafter A, A' and A" respectively) have been found to segregate for ,Aat-1,2 in Irish brown trout (Taggart et aL, l981a) . Inheritance studies involving all three alleles were accomplished during this investigation. Table 2 summarises results from informative crosses involving parents possessing only a single dose of a variant allele. All four classes of crosses performed fitted a model of simple Mendelian inheritance. A single cross (A22) of type AAAA' x AAAA' showed a statistically significant deficit (G2 = 6208, P <0.05) of AAAA ' (heterozygous) progeny.
Unlike the above crosses, where single doses of a variant allele segregate 1 (A: A') under both a disomic and tetrasomic model of inheritance, segregation of alleles from individuals with a double dose of a variant allele provides sufficient evidence to distinguish between these two models . Thus, under a disomic model of inheritance, an individual of genotype AAA'A' will segregate for the gametic genotypes AA: Ak: A'A' in the ratio 1:2: 1 if doubly heterozygous (i.e. AA'/AA') or 0: 1: 0 if doubly homozygous (i.e., AA/A'A'). Under a tetrasomic model a gametic segregation ratio between 1:4: 1 and 3 : 8:3 is expected, depending on how close to the centromere the locus is (Allendorf and Utter, 1976) . Test crossing such individuals with others possessing a single banded phenotype, i.e., AAAA, enables the direct assessment of gametic segregation through progeny screening. Additional crosses, other than test crosses, which permit the deduction of gametic segregation from observed progeny phenotypes may also be employed to discriminate between disomic and tetrasomic inheritance models. In order to prove disomic inheritance conclusively, both double homozygote (AA/A'A') and double heterozygote (AN/AN) segregation should be observed, to avoid any confounding problems caused by linkage (Allendorf and Utter, 1976) . Data from informative crosses involving parents having, at least, a double dose of variant alleles are presented in table 3. For all 11 crosses the results best fit the model of disomic inheritance. Furthermore, both a double heterozygous cross (A2) and double homozygous crosses (the rest) were tested thus fulfilling a further condition for the positive establishment of disomic inheritance. Note that a single anomalous progeny phenotype was observed (cross A23). Similar occurrences have been noted in other studies of duplicate loci in salmonids (e.g., Clayton et aL, 1975; Wright et aL, 1980) . It is also evident from the data (cross A2) that, at least, one of the variant alleles, ,Aat-1,2(140) segregates at both loci. Of a total of 24 ,Aat-l,2 crosses examined, two (A22-mentioned above, and A49-table 3) did not segregate according to simple Mendelian inheritance.
(b) , 4 Four variant alleles, ,Mdh-3,4(l34,125,85,75) have been previously described for Irish brown trout populations (Taggart et aL, 198 La) . The genetic validity of the latter two alleles, ,Mdh-3,4(85,75) was particularly questioned as population data indicated the occasional presence of additional non-genetic variation of similar mobility to the presumed ,Mdh-3,4(85,75) allelic products.
Variation at ,Mdh-3,4 in the potential broodstock was confined to the products of the presumed ,Mdh-3,4(75) allele, hereafter termed A'. The segregation data for informative crosses are summarised in table 4. Assuming the single heterozygote (AAAA') and double heterozygote-or double homozygote-(AAA'A') cannot unequivocally be distinguished (see below), all types of crosses (and replicates) were found to segregate in Mendelian fashion, thus giving positive evidence for the existence of the 5Mdh-3,4(75) allele. The inability to distinguish between these two genotypes was apparently not confined to the progeny typing, the observed anomalous segregation of the two crosses (table 4) being most easily accounted for by postulating the mistyping of AAA'A' broodstock as AAAA' phenotypes. However, resolution of sac fry extracts for ,Mdh-3,4 was found to be consistently poorer than that achieved for adult trout and prevented accurate discrimination between presumed 9:6: 1 and 1:2: 1 phenotypes in all crosses examined. As the two genotypes AAAA' and AAA'A' proved indistinguishable, the mode of inheritance, i.e., disomic or tetrasomic, could not be investigated for these duplicate loci. (AA/A'A) [17.3] [347] [173] (AA/AA") (AA/AA) [35]
[35] (c) Ck-2 Differentiation of Ck-2( 100/100) and Ck-2( 100/115) phenotypes is based solely on different staining intensities of the observed three banded zymograms. (See Taggart et aL, 198la for photograph). Segregation data for informative crosses involving Ck-2 variation are given in full in table 5 to illustrate the inaccuracy of distinguishing between the common homozygote and heterozygote patterns. Assuming that the Ck-2(100/100) and Ck-2(l00/115) phenotypes are indistinguishable, the observed progeny segregation conforms with that expected from simple Mendelian inheritance. However, implicit in this explanation is the mistyping (Ck-2(lOO/1 15) as Ck-2(l00/100)) of parental stock in four of the seven crosses detailed.
(d) Other polymorphic loci All other loci examined, i.e., ,Aat-4, Dia, G3p-2, ,Idh-l, ,Idh-2, Ldh-5, ,Mdh-2, Pgi-2 and Pgi-3, segregated in conformance with Mendelian expectations. The segregation data for these loci are summarised in table 6, which illustrates both the number and type of cross examined and the number of progeny screened for each polymorphic locus. Only a single case of aberrant single locus segregation was noted within this data, involving one (cross A41, see table 9) of 16 informative crosses screened for ,Mdh-2 (Mdh-2(100/ 152) x,Mdh-2(100/ 152); G2 =6'94, P < 0.05).
The inheritance data presented for Dia includes verification of an allele Dia( 120) not previously reported for the brown trout. The enzymatic product of this allele is of identical electrophoretic mobility to that of a known, storage induced, artefact band visualised for DIA zymograms (see Taggart eta!., 198la). (ii) Joint segregation
Despite emphasis being placed on single locus segregation analyses, careful planning of selected crosses permitted a limited investigation of linkage relationships between loci. A total of 49 different pairwise examinations of loci were possible, though in many cases analysis was restricted to a single family. A summary of the joint segregation analyses undertaken is presented in table 7, employing the format of May et a!., (1980) . Nonrandom assortment (indicated by shaded cells in table 7) was detected for four loci combinations. The linkage phase for all combinations of loci examined was unknown. Therefore it was not possible to discriminate conclusively between classical linkage and pseudolinkage.
Based on their own extensive experience in the study of joint segregation in salmonids, May et a!., (1979b), and again later May et aL, (1980) , warn of the pitfalls involved in inferring positive linkage between loci based on non-random chi-square values of low significance, especially where data is restricted to a single cross. Such results can be due to the vagaries of the chi-square test itself or due to the occurrence of a singular meiotic anomaly within that family.
Two cases of non-random association detected in this study may fall into the above category, namely between Dia and Pgi-2 and between ,Mdh-3,4 and Pgi-2. In both cases the significance level was low, 00l <P < 0.05. The joint segregation analyses for both these loci combinations are given in table 8. In the case of Dia and Pgi-2 only a single family was available for analysis. No comparable test for linkage association between these loci in other salmonids has been reported. Of the six comparisons made between 5Mdh-3,4 and Pgi-2, only on one occasion (involving the Mdh-2
Mdh-3, 4
Pgi-2
Pgi-3 same informative parent as exhibited the Dia/Pgi-2 linkage association) was there evidence of non-random assortment. In this instance a random statistical departure or atypical meiotic segregation in this one family appears to be a likely explanation. However, equally plausible from the limited data available is that the anomalous result reflects true non-random assortment between Pgi-2 and one of the duplicate loci of ,Mdh-3,4 while the other five comparisons involved allelic variants for the other duplicate locus of,Mdh-3,4, which is not linked with Pgi-2. Only a single examination between ,Mdh-3,4 and Pgi-2 in other salmonids is cited , for Salvelinus, which were found to segregate at random. A similar single observation was noted between ,Mdh-3,4 and Pgi-l in the same study. Two other linkage associations, this time highly significant (P <0.001), were observed, both involving ,Aat-l,2, detailed in table 9. Two comparisons between ,Aat-l,2 and Ck-2, both involving female informative parents, revealed one case of random assortment (P> 0'5), the other exhibiting highly significant non-random assortment (P <000 1). This is thought likely to reflect a linkage association between Ck-2 and one of the duplicate pair of ,Aat-l,2 loci, the other case presumably reflecting a test between Ck-2 and the alternate locus.
Non-random assortment between ,Aat-1,2 and ,Mdh-2 was recorded for all three male, and one of four female informative parents examined. Again very strong linkage (P <0.001) for four out of seven comparisons would suggest that both Aat-1,2 loci were investigated, Mdh-2 being linked to only one of them. Average recombination frequency (F) for the males was 0031, one male showing no recombination at all (cross A21), and for the female was 020, indicating very tight linkage between these loci. These results are in agreement with similar observations for Salvelinus by who report a consistently greater degree of recombination among females than among males. No comparable studies between ,Aat-1,2 and ,Mdh-2 (or the paralogous locus Mdh-1) have been reported for Salmo though this linkage association has been explored in Salvelinus . Non-random assortment was reported between ,Aat-1,2 and ,Mdh-l in all four comparisons made. In each case, the informative parent was made, no comparisons being available for females. To conform with the nomenclature adopted by May et aL, (1980) the ,Mdh-2 linked ,Aat locus has been likewise designated ,Aat-l, (purely on an arbitrary basis) and the alternate locus termed 5Aat-2.
All other pairwise examinations of brown trout loci were found to be in random association. These included combinations for which non-random association have been observed (in at least one lot) between orthologous loci (or metalogous) in other salmonids. These are: Aat-1,2 and G3p-1, ,Aat-l,2 and ,Mdh-3,4, ,Mdh-1 and G3p-l in Salvelinus . Furthermore this study confirmed random association between ,Mdh-2 and Dia in brown trout, first reported by May et a!., (1979a) and between ,Mdh-2 and G3p-2 . The two other pairwise combinations for brown trout loci cited in the latter report involved ,Mdh-l with ,Mdh-2 and ,Mdh-1 with G3p-2. These were not studied during this investigation ,Mdh-1 not being polymorphic in Irish brown trout. , 1974; Allendorf and Utter, 1979) . With the recent confirmation in this laboratory (Henry, 1984) of Mendelian inheritance for the Ldh-1(n) variant allele recorded for Irish brown trout, inheritance studies have, without exception, verified the proposed genetic interpretations for all polymorphic loci described by Taggart et a!., (1981 a) .
The three recorded departures from Mendelian segregation most likely represent random statistical deviations among the 119 tests performed. The apparent accuracy of genetic hypotheses based on properly analysed electrophoretic results other than breeding data, as established through this and other studies, increases the confidence with which the results and conclusions of many investigations which lack definitive inheritance studies can be viewed. Of course, there is no substitute for inheritance studies in the final analysis of the genetic basis of electrophoretic polymorphism.
Indeed in this investigation such studies have revealed an additional allele, Dia(120), the presence of artefact bands having led, previously, to the dismissal of a genetic basis for the observed zymogram variation. Breeding data are also the only way to establish whether inheritance is disomic or tetrasomic . In agreement with previous studies for other salmonid species, inheritance in the brown trout is shown to be almost exclusively disomic. The single aberrant progeny phenotype observed for Aat-1,2 (A23), however, may be indicative of residual tetrasomy (May et aL, 1979b) .
Single locus segregation studies are also of importance as potential indicators of the reliability and limitations of electrophoretic data obtained for certain loci. For example, although the difficulty in discriminating between Ck-2( 100/100) and Ck-2( 100/115) phenotypes has been recognised in the past (Allendorf eta!., 1976; Utter et aL, 1979; Taggart el a!., 1981a) the degree of apparent mistyping reported in this study was surprisingly large, considering the particularly detailed attention given to screening broodstock. Similar discriminatory difficulties were encountered for allozyme variation at ,Mdh-3,4. In contrast, the results of breeding studies confirmed the correct typing of all ,Aat-1,2 parental phenotypes, despite this being based, in many cases, solely on differential staining intensities of bands.
Although limited in scope, the joint segregation data presented here for the brown trout provide a number of interesting details. Of the four putative linkage associations identified, only in the case of Aat-l,2 with ,Mdh-2 were multiple comparisons possible. Coincidently the 5Aat-1-,Aat-2-,Mdh-2 linkage grouping has been extensively investigated for other salmonids (Allendorf and Utter, 1976; . Wright et aL, (1980) have developed, and recently expanded (Wright et aL, 1983 ), a chromosomal model to relate the occurrence of both classical linkage and pseudolinkage among Aat-(1,2), Mdh-(l,2) and G3p-l (presumed to be orthologous with G3p-2 in the brown trout) with cytological observations of salmonid chromosomes. An ancestral fusion of a nonhomologous acrocentric chromosome (carrying the G3p-1 locus) to one of an original pair of homologous acrocentrics (each carrying a distally situated ,Aat locus and a proximally situated ,Mdh locus) is postulated, homeologous multivalent pairing of these chromosomes accounting for the observed forms of residual tetrasomy (see Wright et a!., 1983 for a detailed consideration).
Though based primarily on Salvelinus data, as yet limited investigations of brown trout by these workers suggests an identical model for this species.
The detection of a highly statistically significant linkage association between ,Aat-1,2 and Mdh-2 in this study is in agreement with the above model. The single observation of nonrandom assortment for a female would suggest classical linkage in this case while classical linkage or pseudolinkage may account for the linkage associations detected for the three males. Both classical linkage and pseudolinkage between ,Aat-1,2 and ,Mdh-1 have been reported for Salvelinus hybrids indicating conservation of this linkage association between salmonid genera. Further, but more tentative, evidence for the model is the observation of a single aberrant progeny phenotype for cross A23. Such a phenotype would be predicted by homeologous multivalent pairing of the chromosomes followed by crossover between the ,Aat locus and the centromere. On the other hand, pseudolinkage between Aat-1 and Aat-2 would be expected in male brown trout. The single family tested (informative male), however, showed random assortment between these loci (=0263, P>05). Similarly, the model predicts either classical linkage or pseudolinkage between G3p-2 and ,Mdh-2 (depending on which chromosome ,Mdh-2 is situated) and both classical linkage and pseudolinkage between G3p-2 and Aat-l,2. Again all these combinations were examined and found to segregate at random.
While these results may suggest a different chromosomal arrangement between Salvelinus and S. trutta a number of other explanations could account for these discrepancies. Considering the somewhat limited data available, the probability of detecting pseudolinkage between loci may be low. The occurrence of pseudolinkage requires preferential homeologous pairing of chromosomes at meiosis which, theoretically, should be more common among genomes of diverse origin (see Wright et aL, 1983) . This agrees with the observation of the more frequent occurrence of pseudolinkage among splake (hybrid) trout than for pure strains of brook trout or rainbow trout. Thus statistical evidence of pseudolinkage for the relatively genetically homogeneous brown trout stocks examined in this study would probably require the screening of a much greater number of both families and progeny per family than was actually undertaken. A similar argument can be extended for the failure to detect the predicted classical linkage associations. With ,Aat-l or 2 and G3p-2 being distantly separated on opposing arms of a metacentric (according to the model) only a weak linkage association is to be expected, the recombination frequency probably approaching 05. To a lesser extent this may also apply to the failure to detect classical linkage between ,Mdh-2 and G3p-2. (Note that this argument further decreases the likelihood of detecting pseudolinkage between these combinations of loci as well). Alternatively, in the specific cases investigated in this study the polymorphic informative ,Aat or ,Mdh locus may have been situated on the acrocentric chromosome of the homeologous pair and thus classical linkage with G3p-2 (by definition on the metacentric chromosome) would no longer be predicted.
The singular observation of a possible linkage association between ,Aat-l,2 and Ck-2 for the brown trout has not previously been reported for any other salmonid species. May et al., (1980) report random association between ,Aat-1,2 and Ck-1 in the splake trout. However, as the degree of homology between the Ck loci in these two "species" (i.e., whether orthologous or paralogous) is unknown, these results are not necessarily contradictory. While the linkage association between ,Aat-l,2 and Ck-2 was highly statistically significant and indicative of classical linkage, the informative parent being female, the singular occurrence of an atypical chromosomal polymorphism cannot be ruled out, without further replicates. However, it is interesting to speculate on the possible position of Ck-2 in relation to the other loci identified in this linkage grouping. Random association between Ck-2 and G3p-2 was noted in the single comparison examined which tentatively suggests that these loci are not on the same chromosome arm. This would place Ck-2 on the same chromosome arm as Aat-l or 2 and Mdh-1 or 2. The higher recombination frequency observed between Aat-l,2 and Ck-2 than between ,Aat-l,2 and ,Mdh-2 would indicate that Ck-2 possibly lies between ,Mdh-l or 2 and the centromere. Examination of joint segregation data between Ck-2 and ,Mdh-2 may resolve whether both loci are linked to Aat-l or whether Ck-2 is linked to the alternative locus ,Aat-2. The former model would predict tight classical linkage to be detected between Ck-2 and Mdh-2, while in the latter case, at most, weak pseudolinkage would be postulated. The salmonids present a unique, attainable, opportunity to study many aspects of the underlying mechanisms involved in evolution by gene duplication. The extensive linkage studies reported for the hybridised Salvelinus genome summarised by May et a!., (1980) form a sound foundation on which to base additional studies of other salmonid species. However, while the ideal hybridised genome of the splake trout enables a large number of pairwise comparisons of loci to be examined, there is much more limited scope among pure salmonid species. As genetic variation among hatchery strains may be restricted, attention must turn to utilising the polymorphisms found in natural populations . It is therefore likely that extensive investigations of linkage associations within and among salmonid genera will tend to rely more on the efforts of a number of independent research groups, as many observed polymorphisms have only a relatively localised occurrence. It is felt that by employing (and modifying) the methodology described for this study, which incurs only relatively limited demands on both time and hatchery/rearing facilities, additional inheritance studies could be encouraged on more regional bases.
